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Abstract 
High global performance in buildings (energy, environmental, economic and social) is in growing demand. The research focuses 
on a new assessment method to determine how an integrated system impacts the building’s global performance. This approach is 
tested on the External Thermal Insulation Composite Systems (ETICS). In order to define the global performance of a building, a 
family of performance targets has to be built according to the expected objectives. The assessment of the hazards leading to risks 
that may occur is based on the setting up of a database in which they are collected on the life cycle of the building. 
© 2015 The Authors. Published by Elsevier Ltd. 
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1. Introduction
A building has to be assessed on its global performance and not only based on its energy or economic
performances. Global performance means taking into account the energy, environmental, economic dimensions but 
also the social dimension which is a crucial dimension in order to assess a building since it presents a dynamic 
scheme, interacting with its environment [1]. Indeed, “a building project is a unique process that consists of a set of 
coordinated and mastered activities, with starting dates and deadlines, undertaken in order to construct a building in 
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compliance with the specific construction requirements including the ones of time, cost and resources but also with 
the specific requirements of users, especially in terms of comfort, function and use.” [2] 
Furthermore, a high global performance of buildings (energy, environmental, economic and social) is in growing 
demand. Besides, the construction systems, materials and buildings must satisfy the 7 basic requirements in 
accordance with European standards [3] which are  ‘mechanical resistance and stability’, ‘safety in case of fire’, 
‘hygiene, health and the environment’, ‘safety and accessibility in use’, ‘protection against noise’, ‘energy economy 
and heat retention’ and ‘sustainable use of natural resources’. 
As a building is a complex setup, it is important to figure out whether the building will indeed meet its required 
global performance as well as to assess the means implemented to achieve it. Actually, building construction gathers 
numerous stakeholders, with individual objectives that sometimes prove to be contradictory or mismatching; 
however their final objective is unique: a building that fulfills users’ needs. Moreover, “the different stakeholders 
have to work together and understand each other in order to make a building, which is robust, comfortable, healthy, 
functional, efficient and lasting” [2]. Thanks to the assessment and the study of the hazards leading to risks met on 
the whole life cycle of the building, it is possible to better foresee the achievement of its global performance. In this 
paper, a new approach to assess the impact on the building global performance of an implemented system in a 
systemic way is presented. This approach is tested thanks to the participation of many construction professionals 
working on different constructions project, using ETICS and Vacuum Insulation Panel (VIP). 
2. A new way and approach to assess ETICS implementation in a building
2.1. Risk assessment 
When an ETICS is implemented in a building, in order to reduce as much as possible occurring hazards (leading 
to risks), several stakeholders have to be aware of the good practices considering ETICS implementation in order to 
avoid impacting negatively the global performance of the building. So, “each system, which is implemented in a 
building, has to be assessed in order to be sure of the constructability of the building” [2], in which the 
constructability is “the art of enabling the construction of a building. It consists firstly of the capacity to foresee the 
difficulty of realization.”[3]
Accordingly, it is crucial to figure out how the integration of a system in a building will impact its global 
performance on the whole life cycle of the latter, as described in Figure 1. 
Fig. 1. Life cycle of the building [2]
A good way to understand how a system implementation can impact the building global performance is to make a 
risk assessment, which is described in the standard NF ISO 31000:2010-01 [6]. There are three steps (risk 
identification, risk analysis and risk evaluation) [7] which are explained in the second part of this section. 
Current standard trends in building construction require increased performances. To reach the objectives, a good 
understanding of the stakeholders’ chain and of the whole construction process has to be managed. The accuracy of 
the results, their reliabilities and their guaranties are based on knowledge of stakeholders’ interactions and of the 
construction process (benefits and flaws).Their significances on the final objective are well described through risk 
assessment. This is well implemented in manufacturing processes of high-level technologies (aeronautics, cars …). 
Complex objectives in the systemic processes encompassing building construction deserve the implementation of 
the risk assessment. Many methods partly solve the risks assessment (usually the risk analysis and evaluation). 
Among those methods, the multiple-criteria decision analysis method using total aggregation, which is based on the 
Multi Attribute Utility Theory (MAUT) of Keeney & Raiffa [5] allows making the risks analysis and evaluation. 
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This method was envisioned to assess how the implementation of a system can impact the global performance of a 
building. The MAUT is defined as a “prescriptive approach designed for normally intelligent people who want to 
think hard and systematically about some important real problems” [5]. The MAUT can be applied for certain or 
casual phenomena. Various experts with various background experiences can provide important risk observations 
“which is flawed, and unpredictable, and which concerns the reality of a building project and not anymore a 
theoretical case” [2]. The method applied to a well-supplied database of observations allows detecting the 
opportunities, which were not expected, with a positive impact on the global performance. Furthermore, this method 
will allow comparing two or more systems of the same category, in this case the insulation systems (ETICS vs. 
VIP). 
2.2. A new approach submitted 
On the basis of the risk assessment (NF ISO 31000:2010-01 [6]) and of the multiple-criteria decisions analysis 
method on the basis of a total aggregation, which is based on the MAUT [5], a method was developed for this 
research project, which is now at the stage of experimentation including on the ETICS. Using this method allows 
assessing the hazards leading to risks on the whole building life cycle and comparing various insulation systems on 
different types of objectives. Furthermore, adapting MAUT on this case is something new.  
The method, which is a seven-step approach, is illustrated in Figure 2. 
Fig. 2. Seven-step method to assess the system implementation in a building 
The actions corresponding to the seven steps illustrated above are: 
• Build up the family of performance targets: the family represents the global performance aimed in order to have
the wished objectives for the couple system / building studied.
• Assign a coefficient for each element of the family of performance targets: allows being closer to the building
global performance wished, to the system specific performance and to the stakeholder’s expectations thanks to
the weights attributed by experts for each element.
• Set up the database: allows carrying out an inventory of the hazards met all along the building life cycle.
• Build up the Hazards Matrix - Identify the risks (Risk identification of the Risk assessment): based on the
database, allows describing and characterizing the hazards and the risks ensuing by their gravity and their
frequency.
• Analyze the Hazards Matrix: allows simplifying the risks assessment by selecting the most critical risks regarding
the wished global performance and also reducing the element of the family of performance targets to the most
important ones.
• Analyze the Risks (Risk analysis): allows understanding the nature of the risks and to determine their level of
importance thanks to their effects on the element of the family of performance targets.
• Risk evaluation (Risk evaluation): allows determining whether the risks are acceptable or not and bringing out the
opportunities having an impact on the global performance.
Details concerning steps 1 and 2 were further developed in §2 and details of steps 3 and 4 are explained in §3.
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3. Building up the family of performance targets
The first step is to build up a family of performance targets. This step allows understanding and estimating the
impact of the hazards and risks ensuing on the global performance. The risks have to be indeed assessed regarding 
the global performance aimed. 
The wished performance targets, independent of each other, were chosen in order to described the global 
performance on the basis of various research work (from CSTB: the French Scientific & Technical Centre for 
Building), standards, rules established by manufacturers to use product in building and certification,. The 
performance targets were split into 5 representative domains, to decrease the complexity of the project. They are 
‘Indoor Environment Quality (IEQ)’, ‘economics’, ‘safety’, ‘energy & environment’ and finally ‘quality of use’. 
Figure 3 shows the hierarchy of the family of performance targets. 
Fig. 3. Structure of the family of performance targets indicators 
Each performance target is then detailed in terms of performance indicators. These indicators can be calculated 
by one or several attributes which are measured by either a quantitative or a qualitative value. In order to measure 
the reached degree of performance, each attribute and indicator is associated to an ordinal scale of values. [8, 9]. 
Each element of the family (performance targets, indicators and attributes) is defined at the building level, but the 
indicators and attributes can also be defined at the system or the component level. Finally, for each performance 
target, indicator and attribute, a description and a scale is given, in order to reach a consensus for all the 
stakeholders. 
The family is generic, reusable, flexible, and independent of the studied case i.e. not only for the case of an 
ETICS. This family can thus be adjusted to any type of system studied according to their maturity levels, as well as 
on the observed stage within the life cycle of the building.  
Moreover, each element of the family (targets, indicators and attributes) is weighted (Step 2 on the Fig. 2) by 
construction professionals (both system experts and construction professionals having an overview on a construction 
project, as contracting authority or building engineer for example) considering the wished objective for the building 
as well as the specific objective for the system and the stakeholders’ expectations. In the case of the ETICS, two 
experts specialized in ETICS and two auditors from AQC (Construction Quality Agency) – which is the French 
association who gathers 38 professional organizations of the construction field around a same mission: prevent the 
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disorders in building and improve the construction quality – were chosen. Thanks to their work, the weights can be 
aggregated and adjusted in order to be as representative as possible of the global performance aimed for a building 
insulated with ETICS. 
4. Building up the Hazards Matrix
To assess an ETICS implementation in a building, an inventory of the hazards directly linked with the ETICS
which may occur during the life cycle of the building have to be taken. The hazards are events having an impact 
(positive or negative) on the global performance, i.e. on the element of the family of performance targets. All this 
information supplies our ETICS database (already well-advanced and always implemented with new information) 
and comes from inquiries of construction professionals. This is the step 3 of the method (Fig. 2), which is a 
prerequisite to the step 4, building up the Hazards Matrix. Although this data is subjective, as it is supplied by 
people, it is also exploitable and representative of the reality because the information is coming from construction 
professionals having various experiences. Thus, the recurrence of any observation entries will give an objective 
aspect to this information. Furthermore the AQC gathers also such information from various construction projects in 
France and extracted the one concerning ETICS in order to supply our database. 
The ETICS database allows us to build up the ETICS Hazards Matrix. The information that is chosen to process 
is organized as shown in Table 1 with an example. 
Table 1. Organization of the ETICS Hazards Matrix with an example. 
,Z^ Z/^<^
ĞƐĐƌŝƉƚŝŽŶ >ŝĨĞǇĐůĞ &ƌĞƋƵĞŶĐǇ
^ĞǀĞƌŝƚǇ͗/ŵƉĂĐƚŽŶ
ƚŚĞĨĂŵŝůǇŽĨ
ƉĞƌĨŽƌŵĂŶĐĞ
ƚĂƌŐĞƚƐ
ĞƐĐƌŝƉƚŝŽŶ >ŝĨĞǇĐůĞ
/ŶƐƵůĂƚŝŽŶƉĂŶĞůƐ
ǁŚŝĐŚĂƌĞŶŽƚ
ũŽŝŶĞĚ
ŽŶƐƚƌƵĐƚŝŽŶƐŝƚĞ
ƉƌĞƉĂƌĂƚŝŽŶ ^ŽŵĞƚŝŵĞƐ;ϮͿ
/Y;ϯͿͬYƵĂůŝƚǇŽĨ
ƵƐĞ;ϰͿͬĐŽŶŽŵŝĐƐ
;ϯͿͬŶĞƌŐǇΘ
ŶǀŝƌŽŶŵĞŶƚ;ϰͿ
dŚĞƌŵĂůďƌŝĚŐĞ
ůĞĂĚŝŶŐƚŽƚŚĞůŽƐƐ
ŽĨĞŶĞƌŐĞƚŝĐ
ƉĞƌĨŽƌŵĂŶĐĞΘƚŚĞ
ƵƐĞƌƐĚŝƐĐŽŵĨŽƌƚ
/ŵƉůĞŵĞŶƚĂƚŝŽŶͬ
ŽŵŵŝƐƐŝŽŶŝŶŐͬ
KƉĞƌĂƚŝŽŶ
The frequency is represented by the probability that an event occurs. Obtained from the experience of the 
construction professionals, the occurrence probabilities are standardized on a return period of one year and justified 
by their gravities. The severity is the measurement of the consequence impact of a feared event if the hazard 
occurred. It is also obtained from the experience of the construction professionals. They estimate on each 
measurement scale of the indicators and/or attributes of the family of performance targets a minimum and a 
maximum in order to determine a range of impact.  
The risk occurs if the hazard reaches the global performance which is represented by the element of the family of 
performance targets. Thus, with the information coming from the Hazards Matrix, the Risk can be analyzed and 
evaluated through the step 5, 6 and 7 of the method (Fig. 2) 
5. Process of the approach
The approach is implemented thanks to the contribution of the construction professionals – ETICS experts and
non-specialized ones – which are being interviewed. Their knowledge, about ETICS integration on a building, 
allows having a better understanding of the Hazards leading to risks met on the whole building life cycle. Their 
contributions allow us encoding information in a specific way, in order to be analyzed and evaluated using MAUT 
(step 6 & 7 on Fig. 2). Indeed MAUT is based on the concept of utility. Utility is an indicator encoding the 
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satisfaction (or non-satisfaction) level considering the advantages or drawbacks generated by an alternative (such as 
an insulation system) for the decision maker. Thus, for each alternative (in this case ETICS is compared with VIP), a 
“score” representing the satisfaction degree, i.e. the utility of the alternative, regarding each attribute or indicator is 
encoded. Then, a global value of each alternative can be calculated. The global value is the aggregation of each 
encoded utility for each alternative according to the element of the family by their weight. Hence, the global value 
of each alternative allows comparing the alternatives between them according to multiple criteria with different 
measure scales. Furthermore, a prerequisite step is to carry out the Matrix analysis in order to allow simplifying the 
risks assessment by selecting the most critical risks regarding the wished global performance and also reducing the 
element of the family of performance targets to the most important ones (Step 5 on Fig. 2). 
6. Conclusion
In this paper, a new approach to assess the impact of the ETICS implementation in a building was presented. The
innovation lies in the adaptation of a theoretical method to the building field in order to understand the ins and outs 
of a system integration applied to the process of reaching a designed building global performance. Thus this 
method’s goal is to improve the integration of construction systems - as ETICS - in buildings but also to compare 
different systems of the same category between them. The method is also experimented with an innovative system 
(VIP), by implementing the ETICS Hazards Matrix with the hazards coming from this innovative system integration 
in a building. Therefore this method will allow formalizing the risk assessment needed for the technical assessment 
of innovative system. Indeed, this seven-step approach allows characterizing the building and its objectives by 
setting up a family of performance targets (performance targets, performance indicators and attributes) and assigning 
the weights of each element of the family considering the aimed building global objectives, the aimed insulation 
system specific objectives and the stakeholders’ expectations. It also allows identifying the hazards and risks ensuing 
which can occur on the whole life cycle of the building due to the implementation to the ETICS or other insulation 
system. Finally, it allows understanding how the insulation system integration will impact the global performance of 
the building. 
Apprehending a building as a dynamic system having to suit the users’ needs, the stakeholders’ expectations as 
well as being in accordance with the specific construction requirements, as to the environmental and social aspects 
represent an innovation in itself. To take into account all the aspects of a construction work and to be representative 
of a global performance, this approach is required systemic. 
Finally, thanks to this method, the approval body for certification and assessment could offer advices, good 
practices as well as life cycle milestones. The decision makers (as contracting authority or building engineers) could 
make the best choices and adjustments for their buildings in order to minimize and estimate the gap between the 
expected global performance and the real one. Eventually, this approach could allow estimating a range of long-term 
performance of the studied sub-system in a more complex system, which is a building.  
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